In response to the increasing demand in Australia for improving the efficiency of water management practices, the Bureau of Meteorology (BOM) has been given a mandate to build and maintain an integrated national water information system. Over 240 water organisations are required to provide data. These organisations use a wide range of systems and data formats. To ensure robust and reliable data delivery, the Bureau established the Water Data Transfer Format (WDTF) as a standard format for data transfer. Meanwhile, the Water Regulations 2008 were enacted to specify the water information required from organisations. As a result, data from organisations have to be translated into WDTF; also, the translated data have to comply with WDTF and the Regulations.
Abstract:
In response to the increasing demand in Australia for improving the efficiency of water management practices, the Bureau of Meteorology (BOM) has been given a mandate to build and maintain an integrated national water information system. Over 240 water organisations are required to provide data. These organisations use a wide range of systems and data formats. To ensure robust and reliable data delivery, the Bureau established the Water Data Transfer Format (WDTF) as a standard format for data transfer. Meanwhile, the Water Regulations 2008 were enacted to specify the water information required from organisations. As a result, data from organisations have to be translated into WDTF; also, the translated data have to comply with WDTF and the Regulations.
To facilitate these two tasks, in previous work, we proposed using knowledge models to capture semantic gaps between data, WDTF, and the Regulations. In this paper, we describe in detail how to construct such a model. In particular, we focus on what concepts and constraints to be covered in the model, and how to represent them.
We first summarise what we perceive as semantic gaps between data provided by organisations, and information requirements as expressed in WDTF or the Regulations:
• Various terminologies and units may be used by organisations to describe data.
• Data can be interpreted in various ways without adequate contextual information.
• Information requirements are expressed at different levels of granularity and detail. Based on this, we then define model concepts and constraints, and represent them using the Web Ontology Language (OWL) with a modular approach. We choose OWL for its expressivity and reasoning support, which enables us not only to provide a precise translation of data, but also to perform data validation automatically.
Finally, we describe an application scenario, in which the model is used for translating spreadsheets into WDTF. We have tested the application on the data from several organisations. The initial experience with the application is encouraging: with a little help from users, data can be easily translated into WDTF. Our next step is to make the application operational. (Cox, 2007a,b) .
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As a result, data from organisations have to be translated into WDTF; also, the translated data have to comply with WDTF and the Regulations. The current practice is that each organisation is responsible for translating its data, and the Bureau for providing a validation service. The translation work has proven to be nontrivial, especially for small organisations which typically do not have the capability for doing this. To do the translation, one needs to be familiar with WDTF, its structure, elements and related semantics. Further, it is time-consuming and error-prone if the translation is done manually, considering the number of organisations and the volume of data involved.
To address this, in previous work (Shu and et al., 2010a,b) , we proposed using knowledge models to capture semantic gaps between data, WDTF, and the Regulations, in a way that facilitates data translation and validation. In this paper, we describe in detail how to construct such a model. In particular, we focus on what concepts and constraints to be covered, and how to represent them with a modular approach. In the rest of the paper, Section 2 gives a review of information sources and semantic gaps, Section 3 describes the model construction process, Section 4 presents an application scenario in which spreadsheets are translated into WDTF via the use of the model, and finally, Section 5 concludes the paper.
INFORMATION SOURCES AND SEMANTIC GAPS
The information sources we consider for the construction of the model include the Water Regulations 2008, WDTF, and data from organisations. The Regulations specify, among others, the water information to be provided by organisations. There are 10 categories of such information, including water course and water storage; each category is further defined by subcategories. A subcategory typically describes a particular type of observation. Figure 1(a) shows a subcategory of water storage information, 3a, which specifies that water levels of a storage have to be measured in metres; when a measurement is taken, the time of the observation, and the datum used, have to be recorded.
WDTF also specifies the water information to be provided, but at a different level of granularity and detail. It is an XML schema, and its root element is HydroCollection. Observations in WDTF are classified into four types: Measurement (observations about water specimens), ComplexObservation (observations of gaugings for conversions), TimeSeriesObservation (Observations of single properties over time), and GeometryObservation (surveys of storages and water courses). For each of these observation types, WDTF defines the information to be provided, as well as the constraints on the information. Figure 1(b) shows part of a WDTF instance document, where observations of water level of a storage are encoded as a time-series observation which contains a set of time-value pairs, and the contextual information associated with the set, e.g. the observed property. Compared to the Regulations, information requirements specified by WDTF are in general more detailed and explicit. On the other hand, WDTF only loosely constrains relationships between observations, features, properties and units, due to its coarse classification of observations. For example, there are no constraints in WDTF to fully express the ones of 3a in Figure 1 (a).
Data from Organisations are provided by typically following the Regulations' classification of water information. There are many different data formats used, including spreadsheets, CSV (Comma-Separated Values) files, and relational tables. One major issue with data is the lack of contextual information. As such, the meaning of data is often not clear, and accordingly data can be interpreted in various ways. For example, Figure 1 (c) can be interpreted as observations of water level of a water course or of a water storage. Also, various terminologies may be used to describe data, and various units may be used to express values. See (Shu and et al., 2010a,b) for more details.
To sum up, semantic gaps between data provided by organisations, and information requirements as expressed in WDTF or the Regulations are reflected in the following major aspects:
• Data can be interpreted in various ways due to lack of contextual information.
• Information requirements are expressed at different levels of granularity and detail.
KNOWLEDGE MODEL
To bridge the above gaps, the model needs to have a certain concept and constraint coverage. Also, the model needs to be constructed in a way that facilitates data translation and validation. In this section, we describe the model construction process, which involves three major steps:
Define the concepts to be covered. One primary use of the model in data translation is to act as an intermediate schema between data from organisations and WDTF. As such, the model should be easy for users to understand and map their data to, and on the other hand, easy for the system to map to WDTF. Accordingly, the concepts to be covered should be those being able to facilitate the mapping between data and the model, and the mapping between the model and WDTF. More specifically,
• the concepts that describe the Regulations' classification of water information;
• the concepts of WDTF, including those describing observations and measurements in general, such as Feature, Observation, Property and Unit, and those specific to the water domain, such as WaterCourse, WaterStorage, and RatingTable;
• the concepts that describe various units; and
• the concept synonyms and abbreviations that are commonly used in practice by organisations.
Define the constraints to be covered. Besides the concepts, the model also needs to capture the constraints in WDTF and the Regulations, so that the translated data can be ensured to comply with them. Constraints in WDTF are expressed through XML schema restrictions or occurrence indicators, e.g. each time-series has exactly one observed property. Constraints in the Regulations, on the other hand, are expressed through textual descriptions, and can only be interpreted by human. For example, from 3a, we know that water storage levels have to be expressed in metres; also, datum information and observation times have to be provided. The model should cover all the WDTF and Regulations constraints which are related to the concepts decided earlier. When multiple constraints are defined on the same concepts, only the most restrictive one is considered. For example, for the constraints on the relationship between units and properties, we consider the ones defined in the Regulations, which specify one particular unit for one particular property, instead of the ones in WDTF, which basically allow a set of units to be used for a property.
Model concepts and constraints using OWL. With the concepts and constraints defined, next we model them using the Web Ontology Language (OWL) 3 . We choose OWL because of its expressivity and reasoning support. OWL is expressive enough to represent the concepts and constraints which we need to cover in the model (with the support of SWRL rules 4 ). Also, its reasoning support enables us to perform data validation automatically.
We employ a modular approach to the model design. The model consists of two parts, an upper ontology part and a domain extension part (Figure 2) . The upper ontology includes a set of general concepts describing observations and measurements. It is built on existing modelling efforts (Henson et al., 2009; Madin et al., 2007; Probst, 2006) . A key concept of the upper ontology is Observation. Associated with it are concepts such as Property, Procedure, and Feature. For each observation, there are exactly one observed property, one estimated value of the property, one procedure used to generate the value, one sampling feature and one observation time. We represent this in OWL2 with qualified cardinality restrictions:
Each Property is measured in one type of Unit 5 ; there is no restriction on which units are used, as long as they belong to the same type. For example, the length of an object can be measured in any length units (e.g. metres or feet). This facilitates the translation of data in different systems of measurement. We model TimeSeriesObservation as a subclass of ObservationCollection. Each time-series consists of observations which share the same property, the same procedure, the same feature but have different observation times. We express this using Semantic Web Rule Language (SWRL) rules. For example, to express members of a time-series having the same observed property, we define:
T imeSeriesObservation(?s) ∧ hasM ember (?s, ?x) ∧ hasP roperty(?s, ?p1) ∧hasP roperty (?x, ?p2) → sameAs(?p1, ?p2) The domain extension part basically covers the concepts specific to the water domain, which we represent by extending the upper ontology. Figure 2 (the lower part) gives a few examples:
(a) shows part of the observation class hierarchy. Each observation class corresponds to a category or subcategory of water information as defined in the Regulations.
(b) depicts part of the required property class hierarchy. Each RequiredProperty has exactly one Unit. This is to ensure that the translated data are expressed in the units as specified in the Regulations. For level properties, datum information needs to be provided.
(c) extends Procedure with two subclasses, UserDefinedProcedure and DatumBasedProcedure. For a procedure based on datum, datum information needs to be provided.
(d) shows two subclasses of Datum, PreDefinedDatum and UserDefinedDatum. Examples of predefined datums include WaterSurface and AHD (mainland Australian Height Datum). For a user-defined datum, its vertical coordinate reference system, value, and input datum (a predefined datum) need to be specified.
(e) extends DomainFeature with subclasses such as GroundWater, WaterCourse, and WaterStorage. This extension will be replaced by definitions from the Australian Hydrological GeoFabric (AHGF) 6 in the future.
APPLICATION SCENARIO
Driven by the fact that 32% of data from organisations are represented in spreadsheets, we have developed an application in which the model is used for translating spreadsheet data into WDTF. The application includes three major parts:
• A GUI frontend (Figure 3 ) for users to load spreadsheets into, view the model, and compose mapping expressions between them.
• A mapping evaluator which evaluates mapping expressions and generates model instances using Jena 7 and Pellet 8 . See Shu and et al. (2010a) for mapping details and evaluation.
• A back-end to retrieve instance data from the model using SPARQL 9 and generate WDTF instance documents through XQuery scripts. We have tested the application on the data from several organisations. The initial experience with the application is encouraging: with a little help from users, data can be easily translated into WDTF. Our next step is to make the application operational.
CONCLUSION
To address the Bureau's data ingestion problem, knowledge models have been proposed to capture semantic gaps between data from organisations, WDTF, and the Regulations. In this paper, we focus on the construction of such a model. We first summarise our findings on semantic gaps. Based on this, we then define the concepts and constraints to be covered, and represent them using OWL with a modular approach. Finally, we describe an application using the model for spreadsheet data translation. We have tested the application on the data from several organisations. The initial experience with the application is encouraging. Our next step is to make the application operational.
